Conformational changes combined with charge-transfer interactions are essential for reduction in catalysis by p-hydroxybenzoate hydroxylase.
p-Hydroxybenzoate hydroxylase is a flavoprotein monooxygenase that catalyzes a reaction in two parts: reduction of the enzyme cofactor FAD by NADPH in response to binding p-hydroxybenzoate to the enzyme and reaction of reduced FAD with oxygen to form a hydroperoxide, which then oxygenates p-hydroxybenzoate. Three different reactions, each with specific requirements, are achieved by moving the position of the isoalloxazine ring in the protein structure. In this paper, we examine the operation of protein conformational changes and the significance of charge-transfer absorption bands associated with the reduction of FAD by NADPH when the substrate analogue, 5-hydroxypicolinate, is bound to the enzyme. It was discovered that the enzyme with picolinate bound was reduced at a rate similar to that with p-hydroxybenzoate bound at high pH. However, there was a large effect of pH upon the rate of reduction in the presence of picolinate with a pK(a) of 7.4, identical to the pK(a) of picolinate bound to the enzyme. The intensity of charge-transfer bands observed between FAD and NADPH during the reduction process correlated with the rate of flavin reduction. We conclude that high rates of reduction of the enzyme require (a) the isoalloxazine of the flavin be held by the protein in a solvent-exposed position and (b) the movement of a loop of protein so that the pyridine ring of NADPH can move into position to form a complex with the isoalloxazine that is competent for hydride transfer and that is indicated by a strong charge-transfer interaction.